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ABSTRACT 

A total of 20 groups comprised of 128 permit holders participated in the 1990 
pound spawn-on-kelp fishery for Pacific herring, Clupea harengus pa l l a s i .  The 
groups were made up of 2 to 15 permit holders. Each permit holder within a group 
was responsible for different tasks during the pound fishery. Nineteen of the 
twenty groups harvested spawn-on-kelp product. The nineteen groups harvested an 
estimated 268,825.5 lbs (134.4 tons) of spawn-on-kelp product which resulted in 
a final product weight of 208,809.1 lbs (104.4 tons) of spawn-on-kelp product. 
The weight loss from harvest weight to final product weight varied from 2.0% to 
36.5% within the groups and averaged 22.3% overall. Weight loss varied depending 
upon how the spawn-on-kelp product was processed. Fifteen of the groups had their 
spawn-on-kelp processed by the same processor and the overall weight loss was 
26.7%. Five groups processed their own spawn-on-kelp product and their overall 
weight loss was 8.9%. One test pound was selected to be sampled from each of 18 
groups during the study. The amount of spawn-on-kelp product produced in the test 
pounds averaged 2 .I7 tons. The amount of herring utilized in each test pound 
during the fishery averaged 27.1 tons based on egg deposition surveys and 22.0 
tons based on brailing. The ratio of biomass estimates from egg deposition 
averaged 1.37 times larger than the brailed biomass estimates. The amount of 
herring used to produce 1.0 ton of spawn-on-kelp product was 13.3 tons using the 
egg deposition survey estimate and 10.0 tons using the brailed estimate. Fifty 
one percent of the herring introduced into the pounds were female. The female 
herring had a mean weight of 133.9 g and mean fecundity of 20,524 eggs. It was 
estimated that 38.5% of the female herring introduced into the pounds did not 
deposit all their eggs in the pounds. The herring that did not deposit their eggs 
retained 19,909 eggs or 97% of their eggs on average. Looking at all the female 
herring introduced into the pounds, the mean number of eggs retained by each 
female was 7,667. From this, it was estimated that the female herring had an 
overall egg retention of 37%. Of the eggs that were deposited in the pounds, 58% 
were deposited on the kelp and 42% on the net of the pounds. Using the 
information gathered in 1990, the optimum pound volume would have been 17,576 
cubic feet. 

KEY WORDS: Pacific herring, Clupea harengus pallasi, Prince William Sound, 
Alaska, spawn on kelp, pound fishery, spawn deposition survey, 
Macrocystis. 



INTRODUCTION 

Pacific herring, Clupea harengus pallasi, spawn along the shoreline in Prince 
William Sound (PWS), Alaska, from mid April through early May each year (Figure 
1). Herring deposit their adhesive spawn primarily on marine algae and sea 
grasses in the intertidal and upper subtidal zones. Natives livLng in PWS have 
traditionally harvested herring spawn on kelp as a food source. However, in the 
late 19601s, interest developed to harvest spawn on kelp commercially. Spawn on 
kelp, known as "Komachi Kombu", was highly prized as a traditional food source 
in Japan. Spawn on kelp was not readily accessible in Japan because of a decline 
in their herring populations. 

Spawn on kelp was first harvested commercially in Prince William Sound beginning 
in 1969. Spawn on kelp was only harvested in the wild by divers until 1979 when 
spawn on kelp was also harvested from man-made impoundments or pounds. The pound 
fishery developed rapidly from 1980 until 1988 harvest increased from 1.3 tons 
to 124.0 tons (Brady et al. 1991). The 1988 harvest exceeded the guideline 
harvest level of 85 tons by 46%. Even though the pound spawn-on-kelp fishery only 
accounted for 6.5% of the total herring utilized, the fishery was second only to 
the purse seine sac roe fishery with respect to value. Because of the over- 
harvest in 1988 and increasing importance of the pound spawn-on-kelp fishery, a 
research program was to be started in 1989. However, the research program was not 
started because all the spring herring fisheries in PWS were closed in 1989 due 
to oil spill resulting from the grounding of the T/V Exxon Valdez. It was not 
until 1990 that a research program was undertaken to study the pound spawn-on- 
kelp fishery in PWS . 
Specific objectives of the study were to estimate: (1) the amount of herring 
introduced into the pounds, (2) the amount of spawn deposited by the herrin on 
the kelp in the pounds, (3) the amount of spawn on kelp actually harvested from 
the pounds, (4) the total weight of the spawn on kelp harvested from the pounds 
while in the totes, and (5) the final product weight of the spawn on kelp that 
was harvested and processed from the pounds. 

Five commercial fisheries annually harvest herring and spawn on kelp in PWS: (1) 
purse seine sac roe fishery, (2) gill net sac roe fishery, (3) wild spawn-on-kelp 
fishery, (4) pound spawn-on-kelp fishery, and (5) fall and winter food-and-bait 
fishery. Herring in Prince William Sound are managed on a sustained yield basis 
such that the combined harvest of all five fisheries do not exceed 20% of the 
total spawning biomass in any given year. A detailed stock assessment program is 
conducted within Prince William Sound each year to monitor harvest of commercial 
fisheries, estimate spawning biomass, and establish timing of the spring 
fisheries in order to maximize roe recovery and spawn-on-kelp product quality. 

Entry into the pound spawn-on-kelp fishery is presently limitedby the Commercial 
Fisheries Entry Commission (CFEC). Permit holders must register with the Alaska 
Department of Fish and Game (ADFW) by March 1 of each year to obtain an ADFW 
permit for operation of their pound. The permit specifies the tonnage of herring 
and number of Macrocystis blades each permit holder is allowed to introduce into 
and the weight of product that can be harvested from each pound. Operational 
guidelines stipulated in the permit are as follows: 1) all pounds must be 
permanently identified with permit holders name and ADFW permit number; 2) the 
permit holder must be physically present when introducing kelp and herring into 
and harvesting spawn on kelp from a pound; 3) pounds must be located east of a 
line from Porcupine Point to Point Freemantle (Figure 1); 4) herring can be held 
a maximum of six days within a pound; 5) the pound structure and net must remain 
in place a minimum of four weeks but must be removed from the water within six 
weeks from the date of harvest. 

The pound spawn-on-kelp fishery generally begins in late March with the 
construction of the pounds. In early April several individuals go to Southeast 



Alaska to harvest Macrocystis blades and fly the blades to PWS. This process is 
generally started after the biomass of herring has begun to build in the 
northeast area of PWS. Upon the arrival of Macrocystis, individual blades are 
selected, trimmed and hung six to 12 inches apart on a poly-line. These lines are 
strung throughout the pounds at depths varying from four to ten feet below the 
water surface. As soon as the seining of herring for introduction into pounds is 
allowed, herring are caught, transferred from the seine to push pounds, 
transported to the location of the pounds with kelp, and transferred into the 
pounds. This process is continued until all pounds are filled or,the fishery is 
closed. Six days after herring have been introduced into a pound, the herring are 
released and the spawn on kelp is removed from the water, drained, trimmed, and 
weighed. The product is placed in large plastic totes containing enough salt to 
produce a 100% brine solution. The totes are taken to the processor where the 
product is further trimmed, graded, and weighed a ain. Pound structures, net, and 

viable eggs to hatch. 
I unharvested product must be left in the water or four to six weeks to allow 

METHODS 

The sampling program was designed to sample one single or double pound from each 
group. Sampling was to be conducted throughout the fishery, from the arrival of 
Macrocystis to the hatch of larvae. Data collected during the fishery included: 
pound dimensions; net specifications; weight and number of Macrocystis blades 
introduced into pounds; age, weight, length, and sex of pre- and post-spawning 
adult herring; fecundity of female herring; number of eggs per gram of spawn-on- 
kelp product; weight of spawn-on-kelp productbefo~e and after processing; female 
egg retention after spawning; brailedweight of herring released from each pound; 
SCUBA diver estimates of the number of eggs per sample quadrant (0.1 m2 plots on 
pound net); estimates and counts of number of eggs on calibration panels (the 
number of eggs on the panels was estimated in the laboratory and used to adjust 
SCUBA diver estimates); and hatching success of eggs deposited on net and kelp 
left in the pounds. 

The pound sampling program began on 11 April 1990. Sampling crews were based on 
a chartered vessel anchored in Galena Bay. Two small skiffs with outboard motors 
were used to transport crews to the test pounds. A test pound summary completion 
list provided a record of sampling dates of events for each test pound throughout 
the fishery. 

By 1 March 1990, 128 of the 129 CFEC permit holders had registered. Permit 
holders were required to declare their group affiliation when they registered. 
A total of 20 groups declared for the 1990 season. However, one of the groups was 
comprised of only two individuals and was not included. 

Number and Weights of Kelp 

The arrival of Macrocystis began on 11 April from Southeast Alaska and continued 
until 14 April. Test pounds were selected by the sampling crew when the 
Macrocystis was being distributed into pounds. Of the 19 test pounds selected, 
14 were double (one structure with two permit holders) and five were single 
pounds. For each test pound, the total number of Macrocystis blades were counted 
and 25 were selected randomly and weighed to the nearest 0.01 g. Blade weights 
were recorded separate1 for each of the test pounds. Usin methodology presented K I on page 77 in Cochran ( 977) and assuming a coefficient o variation (CV) of 25% 
(Brady 1985), a sample size of 25 insured a 95% confidence interval within f 10%. 
During the weighing of the Macrocystis blades, test pound length, width, and 
depth measurements were also collected. As a comparison, all permit holders were 



required to record the number of blades introduced into their pound. 

SCUBA Diver Estimation of Eggs on Net 

SCUBA divers conducted 20 egg density estimates per pound in 14 of the 19 test 
pounds. Five estimates were made on each side of each pound at randomly chosen 
depths and locations. The SCUBA divers estimated the number of eggs deposited 
within a hand-held 0.1 m2 quadrant frame. SCUBA diver estimates were calibrated 
and corrected using calibration panels and laboratory egg counts following 
methods developed for the herring spawn deposition survey program (Biggs and Funk 
1988). Prior to herring being introduced into the test pounds, 45 calibration 
panels were deployed on randomly selected non-test pounds. Thirty of the panels 
were deployed on the inside and 15 were deployed outside of the non-test pounds. 
The panels were hung from the frame of the pounds such that the panels rested 
against the pound nets. The panels were placed at varying depths and locations 
throughout the selected pounds. All panels were 0.1 m2 quadrant frames with 
netting identical to that used in the pounds stretched over the frames. SCUBA 
divers estimated the number of eggs within each calibration panel. Calibration 
panels were then retrieved. The netting and eggs within each panels were removed 
and stored in Gilson's solution. The number of eggs on the net that were removed 
from each panel were counted in the laboratory. The laboratory egg counts and 
SCUBA diver estimates from the calibration panels were compared to develop a 
relationship that was used to calibrate the SCUBA diver estimates. 

Length, Weight and Sex Information 

A sample of 300 herring were collected from 17 of the 19 test pounds prior to 
spawning. Length, weight, and sex (LWS) information were collected from each 
herring sampled. Weights were not collected from the samples for six of the test 
pounds. For those samples where weights were not collected, weights were 
determined from a length-weight relationship developed from the standard age, 
weight, length, and sex (AWLS) data collected in the 1990 pound and purse seine 
fisheries. These samples were collected in the general vicinity of the pounds in 
the Northeast portion of Prince William Sound during the same time frame. All LWS 
sampling was conducted either on the chartered vessel or sent to ADFX in Cordova 
and sampled in the laboratory. Length and sex data was collected from 300 herring 
in one test pound after spawning had started. As a result, length-weight 
relationship described above was used to correct for loss of weight due to 
spawning in the pound. 

Weight and Sex Ratio of Females 

The sex ratio and mean weight of the females in each of the test pounds were 
estimated from a sample of 300 fish. The sample size of 300 was adequate to 
provide an estimate of the sex ratio to within 5% of the true value 95% of the 
time. Assuming a ratio of 50:50 would result in 150 females being weighed for 
mean weight. Usin- mean weights of females in 1989, a maximum coefficient of 
variation (CV) of 30% was assumed. From this, a sample size of 150 should have 
provided an estimate such that the mean weight of females was within 5% of the 
true weight 95% of the time (Cochran 1977). 



Fecundity 

Herring fecundity was estimated from fecundity-weight data collected in the 
northeast area as part of the spawn deposition survey program. To determine egg 
retention, 50 females were collected from each test pound at the time of 
brailing. The eggs retained by a female were collected and stored in Gilson's 
solution and counted later in the Cordova ADF&G laboratory. Assuming a CV of 35% 
for egg retention in the females, the sample size was determined,to be adequate 
to estimate egg retention to within 10% of the true value 95% of the time 
(Cochran 1977). 

Weight of Eggs on Kelp 

To estimate the number of eggs deposited on kelp, the number of eggs per gram was 
estimated. To estimate the weight of eggs, five samples of eggs 50.0 grams or 
larger were removed from kelp trimmings at the time of harvest in each test 
pound. All samples were weighed to the nearest 0.5 gram, stored in Gilson's 
fluid, and counted at a later time in the department's laboratory in Cordova. 

Harvested Product 

The total number and weight of blades harvested from each test pound were 
recorded. Blades were removed from the pound and placed in a container, and 
excess sea water was allowed to drain off. The blades were then trimmed and 
weighed by the individual groups before being placed in totes and salted down. 
The spawn-on-kelp remained in brine solution for up to six days. The total number 
and weight of unharvested blades and trimmings were also collected from each test 
pound. 

All totes containing spawn-on-kelp were sealed by department personnel. Total 
weight of spawn-on-kelp within each tote was collected from each group at the 
time of sealing. Final product weights were collected from the processors. 

Fleet Questionnaire 

A fleet questionnaire was distributed to all pound operators at the beginning of 
the season. Questionnaires were collected on the grounds when possible and forms 
were also turned into the ADFM; office in Cordova after the season. Requested 
information on the questionnaire included pound dimensions, date and number of 
blades introduced, location of pound, estimated biomass and date, where herring 
were caught, date herring were placed into a pound, date of spawn, amount of 
harvest by date, tote weight (brined) at sealing, and final processed weight. 

Brailing of Pounds 

To determine the accuracy of the biomass (B ) estimate of equation 5, the herring 
introduced into the test pounds were braiied, weighed, and released after the 
spawn-on-kelp was harvested. Herring were moved into a corner of the pound with 
a crowding seine 100 feet wide and 60 feet deep. To determine the water weight 
within each brail, five to ten brail loads were weighed, then held until no water 
remained and weighed again. The percent water weight was subtracted from the 
total weight of herring brailed. Biomass estimates were determined for all 18 
test pounds, but only 15 of those pounds were brailed. 



Egg Survival 

To estimate the survival of eggs deposited on net and on the unharvested blades, 
divers returned to the pounds on 11 May. Three of the five mortality frames 
placed in pounds prior to spawning were collected. Divers estimated the percent 
of eggs that eyzd, the percent hatched, and the percent dead on 11 of the 19 test 
pounds. Divers also estimated the survival of eggs which spawned naturally on 
wild kelp in the general vicinity of the pounds. 

DATA ANALYSIS 

Estimation of Harvest/Biomass Ratios 

The ratio of the harvest weight (unprocessed) to the final processed weight of 
the spawn-on-kelp product (RHPi) was estimated for each test pound by: 

where, WHi = harvest weight (unprocessed) of spawn-on-kelp product from test 
pound i; and 

Wpi = final processed weight of spawn-on-kelp product from test pound i. 

A mean ratio of harvest weight to processed weight of spawn-on-kelp product was 
estimated for each test pound by: 

where, ntp - the number of test pounds. 
The variance of was estimated by: 

The standard deviation of SD[R 1 )  was calculated by taking the square 
root of V[RHp] . From this, t!e(coef~icient of variation was estimated by: 

In addition, the following ratios were estimated using equations 1-4: 

- - RTP - mean ratio of the tote weight (brined) to the processed weight of 
the spawn-on-kelp product; 



- 
R ~ r ~  = mean ratio of the biomass of herring that were brailed in the pounds 

to the final processed weight of the spawn-on-kelp product; 
- - R~~ - mean ratio of estimated biomass of herring in the pounds to the 

processed weight of the spawn-on-kelp product; and 
- 
RBBR = mean ratio of the estimated biomass of herring in the pounds based 

on egg deposition estimates to the biomass of herring that were 
brailed in the pounds. 

The mean ratio, variance, standard deviation and coefficient of variation for 
RTP, RBrP, Rsq, and R were estimated by substituting these ratios for the ratio 
R in equations 1-&: 

The estimated mean ratios compared the harvest weight, tote weight, weight of 
herring brailed, and estimated weight of herring to the final processed weight 
of the spawn-on-kelp product. In addition, the biomass of brailed herring was 
compared to the estimated biomass of herring in the pounds. 

Estimation of Biomass of Herring in Pounds 

The weight or biomass of herring (Bi) responsible for the spawn deposited in each 
test pound was estimated as: 

where, 

E i - total number of eggs deposited in test pound i; 

Vi 
= mean weight of herring in test pound i (males and females) 

Si 
- - sex ratio or l/(the proportion of females in test pound i); 

- 
Fi - - fecundity at mean weight of females in test pound i; and 

- 
ER, = mean number of eggs retained by females in test pound i. 

The biomass estimate was estimated based on 5 parameters. The variance of Bi 
(V[B,]) was estimated as: 

The standard deviation of Bi (SD[Bi]) was estimated by taking the square root of 
V[Bi] and the coefficient of variation was estimated by: 



Total Number of Eggs Deposited in Pounds 

The total number of eggs deposited in each test pound (Ei) was estimated as: 

where, EKi = the number of eggs estimated to be deposited on the kelp in 
test pound i, and 

E ~ i  = the number of eggs estimated to be deposited on the net in 
test pound i. 

The variance of Ei was estimated as: 

The number of eggs deposited on kelp in test pound i was estimated by: 

where, WHi = weight of the spawn-on-kelp product in test pound i; 

W R ~  = weight of the spawn-on-kelp product remaining in test pound i; 

W K ~  = weight of kelp introduced into test pound i; and 
- - 
e ~ i  - adjusted mean number of eggs per gram on the spawn-on-kelp 

product in test pound i. 

Both WHi and WRi were assumed to be measured without error. Therefore, no variance 
was associated with WH and WRi. For this reason, the variance of EKi was 
approximated by using tke product of two independent random variables WeKi and 
eKi (Goodman 1960) and treating WHi and WRi as constants: 

The total weight of kelp introduced into a test pound was estimated by: 

where, NBi = the number of blades introduced into test pound i, and 

6, = the mean blade weight in test pound i. 



The number of blades was assumed to be measured without error. Therefore, the 
variance of WKi was: 

V[WKi] = N , ~ ~ V [ ~ ~ ]  . 

The mean blade weight in test pound i was estimated by: 

where, bij = the weight (g) of blade j in test pound i, and 

- 
n ~ i  - the number of blades weighed in test pound i. 

The variance of bi was estimated by: 

The adjusted mean number of eggs per gram deposited on the kelp in each test 
pound was estimated by: 

- - where, eai - the unadjusted mean number of eggs per gram using the weight 
of the eggs in the laboratory, and 

RKi = the mean ratio of the weight of the egg samples in the 
laboratory divided by the weight of the egg samples in the 
field. 

The adjustment accounted for a loss of weight from when the eggs were collected 
in the field and to when the eggs were weighed and counted in the laboratory. 

The variance of eKi was estimated as the variance of the product of two random 
variables (Goodman 1960): 

Five samples of eggs were collected from each test pound and weighed in the 
field. After completion of the field sampling, each of the samples were weighed 
in the laboratory and four subsamples were taken from each sample. The subsamples 
were weighed and the number of the eggs were counted in each subsample. The 
estimate of RKi and it's variance were calculated from each sample as follows: 



where, Wnik = the laboratory weight of egg sample k i n  t e s t  pound i ,  

WKik = the f i e l d  weight of egg sample k i n  t e s t  pound i ,  and 

n ~ i  = the number of egg samples collected from kelp i n  t e s t  pound i 
(usually 5 ) .  

The unadjusted mean number of eggs per gram (laboratory weight) deposited on the 
kelp i n  t e s t  pound i was estimated by: 

with the variance estimated as:  

The unadjusted mean number of eggs per gram deposited on the kelp i n  sample k and 
t e s t  pound i was estimated by: 

with the variance estimated a s :  

where, emikl = the number of eggs per gram (laboratory weight) i n  subsample 
1 from sample k and t e s t  pound i;  and 

nKikl = was the number of e g subsamples col lected from sample k and 
t e s t  pound i (usual f y 4) .  



The total number of eggs deposited on the pound net in test pound i was estimated 
by : 

where, Ai = the total area (ft2) of net that was used in test pound i; a<d 

Eqi a 
the mean number of eggs per sample quadrate (0.1 m2 - 1.0 ftz) 
in test pound i. 

The variance of ENi was estimated by: 

The total area of net used in each test pound was calculated as: 

where, Li = length of test pound i, 

Wi = width of test pound i, and 

Di = was the depth of test pound i (in ft) . 
The total number of possible quadrants was equal to the total area (ft2) of net 
used in a test pound. A quadrant was equal to 0. lm2 which is approximately 1.0 
ft2. The sample quadrants were randomly selected in each test pound. The mean 
number of eggs per sample quadrant and the variance was estimated as: 

with 

where, Eqim = adjusted diver-estimated egg count from the diver calibration 
model (equation 31) for quadrant m and test pound i; and 

- nqi - number of quadrants sampled in test pound i; 

Diver estimates of egg numbers were used to estimate the total number of eggs on 
the net of the test pounds. However, to account for biases due to divers and egg 
density, a set of quadrant panels covered with pound net were randomly placed in 



the test pounds prior to the introduction of herring into the pounds. Divers 
estimated the number of eggs deposited on each quadrant net panel after the 
herring had spawned and been released. The net on the panels with eggs attached 
were then cut out and stored in Gilsons solution. The number of eggs on each net 
panel were later enumerated in the laboratory. The laboratory-enumerated egg 
counts were used to adjust the diver estimates in each of the test pounds using 
the following model: 

where, EL,,, - laboratory-enumerated egg count in quadrant m; 

EUqim = unadjusted diver estimate in quadrant m; 

a - a constant; 

139, 
= a parameter that controlled the functional form of the 

relationship between the diver estimate and laboratory- 
enumerated egg count for all test pounds; and 

E - a normally distributed random variable with mean 0 and 
variance a2. 

A multiplicative-effect model was used because relative estimation errors were 
expected to change with egg density. A logarithmic transformation was used to 
estimate the parameters of the model. The log transform model took the form: 

11, logarithmic form, the model comprised a linear regression problem. The 
parameter estimates from the linear regression were used to adjust the diver 
estimates in equation 27. However translation of the predicted values from the 
logarithmic model to the original scale required a correction for bias. The 
expected bias was exp(1/2a2) if the true variance of EL iq and u2 were known. 
Laurent (1963) gave an exact expression for the bias correc%lon that incorporated 
additional terms when a2 was estimated from a sample. However, for diver 
calibration data in the spawn deposition survey in Prince William Sound, the 
biases in estimating u2 from a sample were less than 5% (Biggs and Funk 1988). 
Because of this, the estimates were adjusted as follows: 

where, MSE - the mean square error from the linear regression. 

The variance of the individual Eqim was estimated by: 

(2Eqi,+ MSE) MSE 
VIEqimI = (e >(e - 1). 



Mean Weight of Female Herring in Pounds 

A random sample of approximately 300 herring was collected from each test pound 
to collect length, weight, and sex information. Mean weight was estimated for the 
herring sampled in each test pound as: 

with the variance of ui estimated by: 

The mean weight of female herring (&) was also estimated for each test pound 
and was used to estimate the fecundity of female herring in each test pound. 

Sex Ratio of Herring in Pounds 

A sex ratio was estimated from the LWS sample collected from each test pound as 
the number of herring in the LWS sample to the number of females. The equivalent 
of this based upon the binomial distribution was applied and the sex ratio for 
test pound i (Si) was estimated by: 

where, pi = the proportion of female herring in the LWS sample from test pound 
i. 

The variance of Si was simply: 

where, ni = the number of herring in the LWS sample from test pound i 

Fecundity of Female Herring in Pounds 

A linear regression of fecundity and wei ht provided a reasonable description of 
fecundity data collected in 1988 and 1 8 89 (Biggs and Funk 1988). A fecundity 
weight relationship was developed for 1990 using all the fecundity and weight 
data collected in the northeast area in 1990. Mean fecv-dity for each test pound 
was estimated from the fecundit -weight relationship using the average female 
weight from each test pound as 2' ollows: 



where, hi = the mean female weight of herring in test pound i, 

a = the Y-intercept,and 

a = =  the regression coefficient or slope. 

The variance of estimated mean fecundity was approximated by the variance of 
predicted means from the fecundity-weight linear regression (Draper and Smith 
1981) : 

where, RMSF = residual mean square from the fecundity-weight linear 
regression; 

- W F ~  - individual weight of female herring in the fecundity sample; 

VF = mean weight of female herring in the fecundity sample; 

a ~ i  = mean weight of female herring in test pound i; 

"F 
- - total number of female herring in the fecundity sample; and 

n ~ i  - total number of female herring sampled in test pound i. 

Egg Retention of Female Herring in Pounds 

A sample of approximately 50 female herring were randomly collected from each 
test pound prior to release of herring from the test pounds. The female herring 
were checked for eggs retained. The proportion of herring retaining eggs was 
estimated from this sample. In addition, the mean number of eggs retained by the 
female herring was estimated from those herring that retained eggs. From this, 
the egg retention of female herring in each test pound was estimated as: 

- 
where, ERRi = the estimate of the mean number of eggs retained by female 

herring that retained eggs in test pound i, and 

p ~ i  = the proportion of female herring that retained any eggs in 
test pound i. 

The estimates ERRi and PRi were assumed to be independent estimates. From this, 
the variance was estimated using the variance of the product of two indspendent 
random variables (Goodman 1960): 



The proportion of female herring in test pound i was estimated by: 

where, nRFi = the number of female herring that retained eggs in the egg 
retention sample from test pound i; and 

- 
n ~ i  - the total number of female herring sampled for egg retention 

in test pound i. 

The variance of PRi was estimated using the unbiased estimate of the variance of 
a proportion when the sample size was small compared to population size (Cochran 
1977) : 

The mean number of eggs retained by individual female herring and its' variance 
was estimated by: 

and 

where, WRif = the total weight of eggs retained in female herring f and test 
pound i; and 

eRik = the mean number of eggs per gram in sample k and test pound i. 

The mean number of eggs per gram in sample k and test pound i and its' variance 
was estimated by: 

with 

where, eRikl = the number of eggs per gram in subsample 1 from sample k and 
test pound i; and 

nwik = the number of egg subsamples collected from sample k and test 
pound i. 



RESULTS 

A total of 128 permit holders registered for the PWS pound fishery in 1990. Most 
of the permit holders set up pounds in Valdez Arm (Galena Bay) and Port Fidalgo 
(Figure 1). A total of 20 groups participated in 1990, with the number of permit 
holders ranging from 2 to 15 per group. Nineteen of the 20 registered groups 
produced product in 1990 (Table 1). One group failed to introduce herring into 
their pounds. In 1990, there were 128 pounds in PWS of which 22 were single 
pounds and 53 were double pounds. 

The 19 groups harvested a total of 268,825.5 lbs (134.4 tons) of spawn-on-kelp 
product which resulted in a final product weight of 208,809.1 lbs (104.4 tons) 
(Table 1). Weight loss from harvest to final product varied from 2.0% to 36.5% 
with a average weight loss of 26.7%. Weight loss was found to be highly dependent 
upon who processed the spawn-on-kelp product. Fifteen of the groups had their 
product processed by the same processor. These fifteen groups had an overall 
weight loss of 26.7%. Five of the groups had their product processed by 
individuals. The weight loss for these five groups was 8.9%. 

Fourteen of the 19 test pounds were brailed to estimate the biomass of herring 
introduced into each test pound. After brailing was completed, it was found that 
2 of the 14 pounds had holes in their net, so accurate brailed estimates of 
herring placed in these two pounds were not obtained. The biomass of herring 
introduced into test pounds was also estimated from egg deposition estimates. The 
mean biomass of herring introduced into the test pounds was 27.1 tons based on 
egg deposition (Bi) , but only 22.0 tons based on brailing (Bpi) (Table 2) . The 
mean ratio of biomass estimates from egg deposition to braillng was 1.37. When 
biomass estimates were grouped for single and double pounds, there was better 
agreement between egg deposition and brsiled estimates for double pounds than for 
single pounds. The mean biomass of herring in single pounds was 18.1 based on egg 
deposition and 10.1 based on brailing. The mean ratio of estimates was 1.66. The 
mean biomass of herring in double pounds based on egg deposition was 29.3 tons 
and 26.0 tons from brailed estimates. The mean ratio of the estimates was 1.28. 

The amount of spawn-on-kelp product produced in the 19 test pounds averaged 2.17 
tons (Table 3) . Single test pounds had an average production of 1.55 tons and the 
double pounds had an average of 2.37 tons. The amount of herring used to produce 
1.0 ton of spawn-on-kelp product averaged 13.3 tons based on the egg deposition 
and 10.0 tons based on brailing. Estimates based on egg depositim ranged from 
8.1 to 25.9 tons, while estimates based on brailing ranged from 5.0 to 17.1 tons. 
The amount of herring used to produce 1.0 ton of spawn-on-kelp product in single 
pounds averaged 12.3 tons based on egg deposttion and 8.1 tons based on brailing. 
In double pounds, the amount of herring needed to produce 1.0 ton of product was 
13.4 tons based on egg deposition and 10.7 tons based on brailing. 

The volume of double pounds ranged from 16,874 ft3 to 73,800 ft3 and averaged 
3g3 981 ft3 (Table 4). Volume of single pounds ranged from 11,551 ft3 to 23,400 
ft and averaged 18,633 ft3. Depths of double pounds ranged from 13.0 to 50.0 ft 
while depth of single pounds ranged from 12.8 to 30.0 ft. A linear regression 
comparing pound volume to the amount of spawn-on-kelp product harvested was not 
significant (R' = 0.0769) . 
Most eggs from female herring introduced into the test pounds were either 
retained or deposited on the net of the pounds. On average, 35% of available eggs 
were deposited on kelp, 28% were deposited on the net of the pounds, and 37% of 
the eggs were retained by females (Table 5). The variability was in the number 
of eggs retained by the female herring. Egg retention for females within 
individual pounds ranged from 7% to 77%. Of eggs that were actually deposited 
inside test pounds, 58% were deposited on the kelp and 42% were deposited on the 
net. 



The mean number of blades of Macrocystis hung in each test pound was 1,535 
(Appendix Table 1). Mean blade weight was 126.7 g. Mean weight of the total 
number of blades hung in each pound was 194.5 kg. 

The mean weight of eggs deposited on kelp in test pounds was estimated to be 
1,784 kg (Appendix Table 2). Based on an average of 385.8 eg s/ the average 
number of eggs deposited on the kelp in the test pounds was 6$8,531,800. Based 
on diver estimates, an average of 525,695,700 eggs were deposited on the net of 
each test pound (Appendix Table 3). Combining estimates for the .number of eggs 
on kelp and on the net, an average of 1,213,967,500 eggs were deposited within 
the test pounds. 

The mean sex ratio of females to males was 1.940 (Appendix Table 4). Mean weight 
of herring was 123.4 g for males and 133.9 g for females. Female herring had an 
average fecundity of 20,524 eggs. 

Of the 50 female sampled for egg retention in each of the test pounds, an average 
of 38.5% of the herring retained eggs (Appendix Table 5) . Egg retention for 
individual females ranged from 7% up to 77%. An average of 7,667 eggs were 
retained by each female in the test pounds. However, if only herring that 
retained eggs were considered, an average of 19,909 eggs were retained per 
female. This was 97% of the eggs herring carried on average. 

DISCUSSION 

The wide range of product weight loss among groups wss due in part to how they 
processed their kelp. This included the time kelp was ~llowed to drain and how 
extensively blades with poor egg coverage were trimmed. One variable that was not 
considered was product grade. Weight loss of high quality kelp with several 
evenly distributed layers of eggs may differ from weight loss in lower quality 
product having far fewer eggs unevenly distributed on the kelp. 

A problem that occurred in 1990 that had not been observed in past years was the 
separation of the egg mass from the kelp blade ("peelers") after the kelp was 
taken out of the brine solution. This resulted in high product weight loss for 
some groups. The weight of eggs that separated from the kelp was reported to 
ADF&G by the processors, but this may be a conservative estimate since some eggs 
may have been unintentionally discarded along the processing line before 
weighing. The total weight of "peelers" reported to ADF&G was 7,400 lbs. This 
phenomenon may have been caused by the introduction of herring into pounds 
immediately after kelp was introduced. A mucus layer builds on the kelp blades 
when they are harvested, and unless enough time is allowed for mucus to wash off, 
eggs laid on the kelp may peel off during processing. 

In general, herring biomass estimates for test pounds based on egg deposition 
were similar to estimates from brailing. Differences that were observed between 
the two estimates may have been due to three causes. First, the variance of the 
herring biomass estimate based on the egg deposition (CV - 42.4%) was larger than 
anticipated. Second, variability and construction defects resulted in inaccurate 
brai1r.l weights of herring in some test pounds and may have also affected diver's 
biomass estimates. Third, the contribution of eggs from wild fish which spawn on 
the outside of the pound net was unknown and may have caused biomass estimates 
based on egg deposition to be too large. 

Large variances around biomass estimates from spawn deposition data were due 
largely to inadequate egg retention sample sizes. Prior to this study, egg 
retention was assumed to be minimal (< 10%) in impounded herring and that thls 
factor would not play a significant role in the final. biomass estimate. A 50 fish 
sample was thought to be large enough to provide an egg retention estimate at the 



desired level of accuracy and precision. However, egg retention averaged 37 
percent in test pounds. An extreme example of this problem was the biomass 
estimate of herring in Group F (Table 2). The estimate based on egg deposition 
was 285.3 tons almost 10 times larger than the brailed estimate of 29.2 tons. Egg 
retention in this pound averaged 70% in the 50 females sampled. Using the average 
number of eggs retained by females (7,668) for the entire fishery, the biomass 
estimate for Group F dropped to 27.8 tons, which was similar to the brailed 
estimate. Sample sizes to estimate egg retention must be increased appropriately 
in future years to account for this problem and decrease the variance around egg 
deposition estimates. 

Errors in brailed weights of herring in test pounds were due mostly to poor or 
variable pound construction. For example, the 50 foot depth of the Group D test 
pound vastly exceeded the depth of the crowding seine (30 ft) used in the 
brailing operation. Divers estimated that several tons of herring remained in the 
pound following the brailing procedure. Test pounds A and I had large holes in 
the net which allowed niost herring to escape and resulted in brailed weights of 
2.3 tons and 3.1 tons, respectively. Biomass estimates for the same two pounds 
based on egg deposition were much greater (44.7 tons and 15.1 tons, 
respectively). Large holes in impoundment nets may also allow additional herring 
to enter the pound and deposit spawn. This spawn could be mistakenly attributed 
to originally impounded herring and result in an overestimate of biomass based 
on egg deposition. Herring which voluntarily enter the pound but do not spawn may 
also appear in egg retention samples. Estimates of egg retention from these 
samples would be too great and would result in a biomass estimate which was too 
great. 

The study design in 1990 did not determine how many eggs on the pound net were 
contributed by herring outside of the pound. This may also be one of the factors 
which caused biomass estimates based on egg deposition to exceed estimates based 
on brailing. Test panels will be hung outside pounds in future studies to 
estimate the contribution of eggs from herring outside of the pounds. 

The current production level for this fishery has been set assuming that 12.5 
tons of herring are to generate 1.0 ton of spawn-on-kelp product. This estimate 
appears reasonable, since this study indicated that between 13.3 tons and 10.0 
tons were required based on egg deposition and brailing, respectively. 

Results of this study also suggested that limiting pound size to control the 
biomass of herring utilized in the pound fishery would not be practical, since 
no relationship was found between production and pound size. The relationship 
between pound size and optimum use of the allocated biomass is also not fully 
understood. Even if an optimal ratio of pound size to biomass used were known, 
restricting yearly pound size based on the allocation may not be practical for 
either the department or pound fishery participants. However, setting a maximum 
pound size may reduce the tendency of participants to use more than their 
allocated amount of herring. 

Results of this study indicated that the best way to insure high quality harvest, 
without exceeding the harvest allocation, would be through more efficient use of 
the allocated herring biomass. Utilization of herring in excess of the allocation 
does not necessarily improve product volume or quality. Overcrowding of herring 
may reduce the number of females spawning within a pound and increase post 
spawning mortality. One way to improve efficiency would be to minimize egg 
retention. Despite the fact that an average of 37% of the eggs available to the 
pound fishery in 1990 were retained by the females, many groups were able to 
harvest their product quota. Reducing egg retention by half would have enabled 
most groups to produce a high quality product and meet or exceed their harvest 
allocation. 

Egg retention in 1990 ranged from 77% to 7%. The amount of retention may be 
related to the amount of stress due to handling, overcrowding within pounds, and 



residence time in pounds. On the other hand, it is possible egg retention rates 
observed in the pound fishery were not significantly different than those that 
occurred in naturally spawning herring. Future studies should include a sampling 
program for non-pounded herring to address this question. 

If egg retention is significantly lower in herring outside pounds, then methods 
need to be found which reduce high retention rates for herring placed in pounds. 
Developing techniques which reduce the stress associated with handling could 
reduce egg retention. Such methods might include capturing less herring to 
minimize crowding in seines and in push pounds. It was observed on several 
occasions in 1990 that males were releasing milt inside the push pounds. If milt 
release triggers egg release by females (Hay 1985; Hourston et al. 1977), then 
the quantity of milt from remaining unspawned males may not be enough to trigger 
a high proportion of females to release their eggs. Eliminating the use of push 
pounds may not be feasible since herring are often not available in the vicinity 
of pounds. 

Increasing the length of time herring can be held in pounds may also reduce the 
number of eggs retained. At present, all herring must be released six days after 
the first herring are introduced into a pound. Most spawning activity occurs 
within the first three days, after that sporadic spawning has been observed. 
Spawn has also been observed at the time of release, but what this additional 
spawn added to product quality is not known. However, the quality of the 
Macrocystis blades begin to deteriorate with time and the proportion of eyed eggs 
increases. Both factors lower the quality of the product. 

In general, a lower percentage of eggs in pounds hatched than was observed in the 
wild. The highest total hatch observed within a pound was 2 5 % ,  but most pounds 
had a 10% or less total hatch. Natural spawn on kelp in Galena Bay had a total 
hatching success of 67.5%. Poor hatching seemed to be due to suffocation or 
imprisonment of larvae within the inner egg layers of a dense mass of eggs. 
Visual under water observations of eggs on the net, suggested the first egg 
layers deposited were fertilized while spawns that occurred later were 
unfertilized and covered the fertilized eggs. 
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TABLES 



Table 1. Estimated weight loss of 
herring spawn-on-kelp product 
from the harvest to final 
product for each group in the 
pound spawn-on-kelp fishery, 
Prince William Sound, 1990. 

Total Group Production 

Group Harvest Final Shrinkage 
Ident . (lbs) ( lbs (Percent) 

Total Group Production 
Groups 19 
Ib s 268.825.5 208.809.1 22.3 
tons 134.4 104.4 

Groups Processed by Processors 
Groups 14 
lbs 191,751.5 140,555.1 26.7 
tons 95.9 70.3 

Grou~s Processed by Individuals 
Groups 5 
lbs 77,074.0 68,254.0 8.9 
tons 38.5 34.1 

a Product was processed by alternate 
processors. 
No product was produced by this group. 



Table 2. Biomass estimates based on egg deposition and brailed estimates of 
herring introduced into test pounds in the pound spawn-on-kelp 
fishery, Prince William Sound, 1990. 

- 

Biomass Estimates (tons) 
Ratio of 

Egg Deposition Estimates 
Group Brailed Bi versus 
Ident . B i SD[Bil CV[Bil %i %i 

Mean 
Single 

This pound was not included in Bri average since it had a large hole in the 
net. 
We were unable to brail all or most of herring in the pound since impoundment 
depth was 50 ft. 
Due to time restraints, these pounds were not brailed. 
Single pounds. 
Divers did not make estimates for these test pounds. Biomass estimates were 
made by using the mean egg density estimate for the other pounds. 
The estimate shown was based on the mean egg egg retention for all the test 
pounds.The original estimate for Group F based on egg deposition was 285.3 
tons. This estimate was thought to be unrealistically high due to problems with 
determining egg retention. 



Table 3. Estimates of the biomass of herring used to produce 1.0 ton of 
spawn-on-kelp product from test pounds in the pound spawn-on-kelp 
fishery, Prince William Sound, 1990. Biomass estimates were based on 
egg deposition and brailing. 

Tons of 
Egg Tons of Brailed 

Spawn-on-Kelp Deposition Brailing Herring Herring 
Product (tons) Estimate Estimate Per Ton Per Ton 

Group ( tons ) (tons) Product Product 
Ident. Harvest Unharvested Total 4 Bri 0,) (Bri) 

Mean 
Single 1.52 0.03 1.55 18.1 10.1 12.3 8.1 
Double 2.29 0.08 2.37 29.3 26.0 13.4 10.7 
All 2.10 0.07 2.17 27.1 22.0 13.3 10.0 

This pound was not included in Bri average since it had a large hole in the 
net. 
We were unable to brail all or most of herring in the pound since impoundment 
depth was 50 ft. 
Due to time restraints, these pounds were not brailed. 
Single pounds. 
Divers did not make estimates for these test pounds. Biomass estimates were 
made by using the mean egg density estimate for the other pounds. 
The estimate shown was based on the mean egg egg retention for all the test 
pounds.The original estimate for Group r based on egg deposition was 285.3 
tons. This estimate was thought to be unrealistically high due to problems with 
determining egg retention. 



Table 4. Dimensions of test pounds in the herring pound spawn-on-kelp fishery, 
Prince William Sound, 1990. 

Group 
I dent. 

Pound Dimensions 

Length Width Depth 
(ft) (ft> (ft> 

Total 
Volume 

( ft3 > 
Double Pounds 
A 79 .o 

Mean 55.2 29.2 24.8 39,981 

Single Pounds 
G 39.0 

Mean 34.9 25.3 21.2 18,633 



Table 5. Distribution of herring eggs within test 
pounds in the pound spawn-on-kelp fishery, 
Prince William Sound, 1990. 

Group 
Ident . 

Percent 
Percent Percent of Eggs 
of Eggs of Eggs Retained by 
on Kelp on Net Herring 

Mean Percent of 
all eggs 3 5 

Mean Percent of eggs 
deposited in pound 58 4 2 





Figure 1. Location of herring pound groups in Prince William Sound, 1990. 



APPENDIX TABLES 



Appendix Table 1. Number and mean weight of  Macrocystis blades  
co l l ec ted  from t e s t  pounds i n  the  pound spawn-on- 
kelp f i she ry ,  Prince William Sound, 1990. 

Me an 
Blade Weight of 

Number of Blades Weight Kelp 
Group -(g> (kg) 
I dent .  Hung Sampled bi mi 1 w ~ i  v [ w ~ i  1 

Mean 1,535 556 126.7 2,599.8 194.5 6,128.9 

a No blades were sampled. The mean blade weight and var iance  from 
a l l  the  pounds was used. 



Appendix Table 2. Estimates of the weight and number of herring eggs deposited 
on kelp in test pounds in the pound spawn-on-kelp fishery, 
Prince William Sound, 1990. 

Weight Number 
of Eggs Unadjusted Ra t io  Adjusted of Eggs 

Group on Kelp Mean Weight Lab W t  . l Mean W t .  on Kelp 
Iden t .  i n  (kg) of Eggs per  g F i e l d  W t .  of eggs per  g (X 1,000)  

We,, V[W,KI 1 ~ U K ,  V[%KI] kKi v R K +  I e ~ t  VieKi I EKi VIEK,l 

Mean 1,784.0 6,128.9 425.4 9,800.15 0.924 0.0226 385.8 5,827.S9 688,271.8 1.9E+10 



Appendix Table 3. SCUBA d ive r  c a l i b r a t i o n s  f o r  the  number of eggs depos i ted  on the  n e t  of t e s t  pounds i n  the  
poufid spawn-on-kelp f i s h e r y ,  Prince William Sound, 1990. 

Number Number of 
Adjusted of Eggs Eggs Deposited 

Pound Dimensions Number of Egg Deposited on Kelp and 
To ta l  Ouadrants Densitv on Net Net 

Group Length Width Depth Area .sampled ( E ~ ~ S / ~ )  (x 1,000) (x 1 ,000)  
I d e n t .  ( f t )  ( f t )  ( f t )  ( f t 2 )  E,i V[E,il E ~ i  V [ E d  Ei V [ E J  

Mean 49.9 28.2 23.8 3,686.8 280 142.6 3,826.5 525,695.7 5.2E+10 1,213,967.5 7.1E+10 

- 

a Due t o  time r e s t r a i n t s ,  no d i v e r  e s t ima tes  were made. 
No h e r r i n g  were introduced i n t o  pounds. 



Appendix Table 4. Number, weight,and estimates of fecundity for herring sampled from test pounds 
in the pound spawn-on-kelp fishery, Prince William Sound, 1990. 

Mean Weight (g) 
Number Sex 

Group Sample Ratio Males Females Total Fecundity V[Fi 1 
Ident. Males Females Size ( S I )  V[Sil WM V[ww 1 W ~ i  ~ [ WF,] wt v[w,] Fi (X 1,000) 

Total 2,416 2,569 4,985 1.9400.000366 123.4 601.74 133.9 648.5 128.8 630.1 20,524 3,914.2 

' Data was lost. The mean estimates for sex ratio, mean weight, and fecundity for herring in all the the test pounds were used. 



Appendix Table 5. Estimates of egg retention for female herring sampled from test pounds in 
the pound spawn-on-kelp fishery, Prince William Sound, 1990. 

Mean Number 
Number of Number Number of Eggs 
Females Retaining of Eggs Retained 

Group Sampled Eggs Percent Per Skein Per Female 
Ident. n,, n ~ ~ i  P~~ v [ p,, 1 ER~f V [ %I ERi V [ ERi 1 

Mean 38.5% 0.000263 19,909 20,468,513 7,668 3,134,752.8 

-- -- - 

a Due to the high egg retention in this sample, the mean number of eggs retained per 
female for all pounds was used. 


